Coal is the most abundant fossil fuel on the planet. However, power generation from coal results in large 8 amounts of greenhouse gas emissions. Solvent-based carbon capture is a relatively mature technology which 9 can potentially mitigate these emissions. Although, much research has been done on this topic, single-point 
Introduction

26
The International Energy Agency (IEA) asserts that fossil fuels will remain the dominant sources of energy for a 27 foreseeable future [1] . While coal is the most abundant source of fossil fuel on the planet, its exploitation for 28 power generations results in large amount of greenhouse gas emissions.
This article should be cited as: Mahdi Sharifzadeh, Prateek Bumb, Nilay Shah. Carbon capture from pulverized coal power plant (PCPP): Solvent performance comparison at an industrial scale. Applied Energy, 163 (2016) 423-435. 4 | P a g e The heat integration schemes investigated in the literature include the method of steam extraction and 82 condensate recycling [15] , integrating compressor inter-coolers to the low pressure section of the steam cycle 83 [16] or stripper reboiler [17] , preheating combustion air using waste heat from the capture plant [18] , and 84 application of pressurized hot water instead of steam for solvent regeneration [19, 20] . Furthermore, the CO2 85 concentration of the flue gas can be increased by recirculation of the exhaust gases [19, 21, 22] or using a 86 supplementary burner placed in the duct connecting the turbine exhaust and heat recovery steam generation 87 (HRSG) system [21] [22] [23] . Other researchers have explored the implications of the process configuration on the 88 capital investment and energy costs. It was shown that depending on the solvent heat of desorption, either a 89 multi-pressure or vacuum desorber could be the optimal configuration [24] . Other configurations include the 90 absorber with intercooling, condensate heating, evacuation using water ejector, stripper overhead compression, 91 lean amine flash, split-amine flow to absorber and desorber, and their combinations. Le Moulleca, et al. [25] 92 classified these configurations into three categories of (1) 
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The key observation in all the aforementioned studies is that the power plant and capture plant have mutual 126 interactions in terms of the flue gas flowrate and composition on one side and the steam required for solvent 127 regeneration and condensate recycling on the other side. In addition, conversion efficiency of the overall system 128 is a strong function of deviation from full-load operating point and steam extraction for solvent regeneration. 
2.
Overall process block diagram
144
The overall process block diagram is shown in Figure 1 . This figure shows that the coal-fired power plant 145 integrates with the carbon capture plant at three points. The flue gas is sent from the power plant to the capture 146 plant for CO2 separation. In addition, the capture plant relies on the steam from the power plant for regeneration 147 of the solvent and it returns the condensates to the power plant for reuse and further steam generation.
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Compression of the separated CO2 also requires electricity from the power plant. 
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However, the LP turbine is a condensing turbine. The justification of using a condensing turbine is that the 162 produced power is proportional to the pressure ratio between suction and discharge. Therefore, it is possible to 163 enhance the produced work by creating vacuum conditions at the turbine discharge using a surface condenser.
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The condensates from the surface condenser and the condensates returning from the carbon capture plant are 165 mixed, pressurized and recycled to the steam drums for further steam generation.
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The flue gas is pre-treated before being sent to the capture process. The pre-treatment steps include a selective 167 catalytic reduction (SCR) unit, followed by an electrostatic precipitator unit, followed by a flue gas 168 desulphurization unit. In the SRC unit, the content of oxide and nitrogen dioxide of the flue gas are reduced to a 169 certain level (10% 
Rate-based modelling of gas-liquid contactors 219
The rate-based model of the gas-liquid contactor is based on the two-film theory, as shown in This 
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In the present research, rate-based gas-liquid contactor models were developed based on a combination of two- 
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Pilot plant studies and model validation 304
In order to ensure effective benchmarking and model validation, three pilot plant runs were conducted using 305 the CDRMax solvent at the TNO pilot plant, in the Netherlands [52] . The benchmark for the MEA reference 306 solvent was selected from historical data from the US National Carbon Capture Center (NCCC) pilot plant located 307 in the Alabama, USA. The column specifications for the TNO pilot plant and the US NCCC pilot plant are reported 308 in Table 1 . Table 2 
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Process Scale-up 332
The validated model was applied for analysis at the large scale corresponding to the retrofitted power plant. The 
Solution algorithm: Simulation-optimization framework 342
The aforementioned problem statement falls into the category of Integrated Process Design and Control (IPDC).
343
It is notable that the IPDC methodology is not limited to grass-root design problems and can be applied for 344 retrofitting existing processes in-part or as a whole. The motivation of the integrated process design and control, 345 as opposed to sequential process design and control design, is due to the fact that when the details of process 346 design are fixed, there is little room left to improve operational performance. Therefore, it is highly 347 recommended that operational characteristics should be considered at the early design stages (i.e., process 348 retrofit in the context of this research).
349
However as discussed extensively by Sharifzadeh [29] , the full-space formulation of integrated process and 
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The proposed optimization framework is shown in Figure 1 . Here, the overall process is decomposed into three 356 parts. These three parts are linked together through flow of materials and energy. As shown in Figure 1 
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In the optimization framework, without loss of generality, the following solution algorithm was applied:
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Step (1) The power plant model is run for a series of steady-state electricity load reduction (100%, 75%, and 367 50%) scenarios, and a series of default values for the extracted steam and condensate recycle rates. The 368 results of the simulation will determine the flowrate and composition of the flue gas in each scenario.
369
Step (2) Given the flowrate and composition of the flue gas at various load reduction scenarios, the design and 370 control variables of the capture plant are optimized (as discussed in the following).
371
Step ( This 
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The utility costs considered were 37.02 $/MWh for electricity [57], 0.048 $/tonne for cooling water [58] , and 395 14.5 $/tonne for steam. The latter was estimated based on the electricity price and reduction in the power plant 396 capacity due to steam extraction. The considered load reduction scenarios were 100%, 75% and 50%. The 397 considered scenarios were assumed to be equally likely.
398
From the optimization programming point of view, the above formulation conforms to a two-stage recourse- Table 4 shows the summary of the results for the scenario in which the pulverized coal power plant is integrated 431 with the capture and compression plants and the CDRMax solvent is used. Similar results are reported in Table   432 5 when the MEA reference solvent is used. In both scenarios, the flowrate of coal is gradually reduced from the This article should be cited as: Mahdi Sharifzadeh, Prateek Bumb, Nilay Shah. Carbon capture from pulverized coal power plant (PCPP): Solvent performance comparison at an industrial scale. Applied Energy, 163 (2016) 423-435. 24 | P a g e This article should be cited as: Mahdi Sharifzadeh, Prateek Bumb, Nilay Shah. Carbon capture from pulverized coal power plant (PCPP): Solvent performance comparison at an industrial scale. Applied Energy, 163 (2016) 423-435.
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